Abstract
Introduction

22
In sports that involve a swinging motion, one of the most important physical properties of 23 an implement is the moment of inertia about an axis normal to the primary swing plane 24 (Cross & Nathan, 2009 ). Moment of inertia (MOI) is a measure of an object's resistance to 25 angular acceleration about a given axis and is one of the limiting factors for maximum swing 26 speed. 27 Participants can be highly sensitive to changes in moment of inertia, especially at an elite 28 level (Brody, 2000) . It has been shown that people are up to ten times more sensitive to 29 differences of MOI than differences in mass for objects in the range 0.3 to 0.5 kg (Kreifeldt 30 & Chuang, 1979) . Multiple studies suggest that the moment of inertia of an implement has 31 an inverse association with swing speed, with evidence in Baseball (Koenig, Mitchell, 32 Hannigan, & Clutter, 2004), Golf (Daish, 1972) and Tennis (Mitchell, Jones, & King, 2000) . All 33 of these studies used at least four implements and found that increasing MOI reduced 34 swing speed. However, the range in MOI of the tested implements was relatively small and 35 mass was not kept constant. Smith, Broker and Nathan (2003) undertook similar work in 36 Softball with ten bats of constant mass and ten bats of constant MOI. They showed that 37 swing speed has a high dependence upon MOI but little dependence on bat mass. However, 38 this study also focused on a relatively small range of moment of inertia (0.128 -0.200 kgm 2 ).
39
In previous studies, the participants performed a motion typical to the sport being 40 considered -skill and experience were important factors in the selection of participants in 41 these studies. Each participant performs at different levels of consistency and habitually 42 uses equipment with a specific moment of inertia. 
Methods
85
This study used a motion capture system to record the speed of weighted rods swung by 86 participants in a laboratory. (Table 1) , 104 representing the moment of inertia of a typical badminton racket to a typical tennis racket.
105
The moment of inertia measurements were estimated to be subject to error less than 1%, 106 which was deemed acceptable. and included the mass of the attachment and wrist guard, IElbow.
112
The distance from a participant's elbow to wrist was calculated from motion capture data. and check adherence to the protocol.
145
The raw tracking files were initially processed using the Motion Analysis Cortex package.
146
The cubic join function was used to fill in any short sections where the cameras had not 147 seen a marker and the smooth function was used to reduce the noise of a trace. A
148
Butterworth filter was used with a cut-off frequency of 10Hz. The data in Table 2 In order to confirm that the exclusion method was valid, the ranking analysis was firstly 234 carried out for all eight participants and then repeated for the reduced dataset as specified 235 by the self-organising map method.
236 Figure 7a shows the Spearman coefficients for all swing trials (no exclusions). It can be 237 seen that there is no clear trend, and the rank sets change in a seemingly random pattern.
238
Conversely, Figure 7b shows the Spearman coefficients the reduced data set. 
Conclusion
276
This study found that for all participants, swing speed decreased with respect to increases 277 in moment of inertia according to a power law. However, in marked contrast to previous 278 studies, the rate of decrease varied from participant to participant.
279
It was found that participants swung the high moment of inertia rods in a more consistent 280 manner than the low moment of inertia rods. This suggests that predicting a player's swing 281 speed may not be easily achievable for very low moment of inertia implements common in 282 racket sports but could be feasible for higher moment of inertia implements.
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